We present the first system penalty measurements for all-optical wavelength conversion via four wave mixing in an integrated, CMOS compatible, ring resonator, obtaining < 0.3 dB system penalty at 2.5Gb/s for ~22dBm average pump power.
Introduction
All-optical integrated devices for wavelength conversion via four wave mixing (FWM) have been widely explored for future ultrafast optical networks. However, the efficiency of these nonlinear processes still requires significant improvement to ultimately achieve practical commercial deployment of these devices. Ring resonators are seen as a key approach to enhancing nonlinear efficiency [1] by effectively recycling the optical pump power within the resonant cavity. However, it is only very recently [2] that all-optical signal processing of high bit rate signals has been achieved in ring resonators, where wavelength conversion via FWM in coupled resonator optical waveguides devices was reported at 10Gb/s. Further, full system penalty measurements have not yet been reported in these structures -only in the context of FWM in straight waveguides and nanowires in silicon [3, 4] and chalcogenide glass [5] .
Here, we present the first system bit error ratio (BER) penalty measurements for signal processing in a ring resonator. We achieve wavelength conversion in a high index, CMOS compatible, doped silica glass ring resonator with Q-factor of 65,000, based on waveguides with an effective nonlinearity 200 x larger than standard single mode fibers [7, 8] . We achieve < 0.3 dB penalty at 10 -9 BER for converting a 2.5Gb/s signal from 1562 nm to 1535nm, using 165mW of CW pump power. Further, because our waveguides exhibit negligible nonlinear absorption up to extremely high intensities (25GW/cm 2 ), we observe no saturation in the device performance. With improvements in spectral efficiency expected from more advanced modulation formats, as well as using lower Q resonators with higher order filters, we anticipate these devices to be capable of operation at bit rates of 40Gb/s and even higher. 
Experiment
Our device consists of a four-port microring resonator, 48 μm in radius. The waveguide core has a rectangular cross section of 1.45 μm x 1.50 μm , yielding a tight modal field confinement due to a large refractive index contrast, resulting in a waveguide nonlinear coefficient γ=2π n 2 /(λ A eff ) of 220 W -1 km -1 . The Q-factor of the resonator is 65,000, with a free-spectral range (FSR) of 575 GHz and a full-width at half-maximum (FWHM) of 3
GHz [3] . Chromatic dispersion of this glass waveguide is relatively small with β 2 ≅ -9ps 2 /km at 1550 nm. The ring resonator is coupled with two bus waveguides, as sketched in Fig.1(a) . Each of the four device port (input, through, add, and drop) is pigtailed with injection losses of 1.65dB. The pump was a distributed feedback (DFB) tunable laser at λ= 1548.9 nm, amplified by the way of an erbium doped fiber (EDFA). The signal was obtained by modulating a CW tunable external cavity laser (ECL) at λ= 1562.9 nm also amplified with an EDFA, at 2.5Gb/s using a pseudorandom bit sequence (PRBS, 2 15 -1). The pump and signal were filtered using 0.9nm and 0.8nm bandwidth a1418_1.pdf
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CThN2.pdf 978-1-55752-890-2/10/$26.00 ©2010 IEEE filters (BPF), respectively, to remove the amplifier noise, and then were coupled into the ADD and INPUT port, respectively. Two different resonances, offset by three free spectral ranges (FSR), were excited by the pump and the signal. The spectra acquired for several signal powers (Fig. 2) were measured at the DROP port with an optical spectrum analyzer (OSA) for a 165mW pump (coupled power at the input bus). The linear growth of the generated idler with the signal power in Fig2 bottom left shows no saturation with an internal conversion average efficiency of -28.5dB. Comparable silicon on insulator ring resonators typically show saturation around -39dB [8] . The idler collected at the drop output was filtered and amplified to measure the eye diagrams in with an ultrafast sampling scope. The BER testing of the idler for a 10mW signal shows a remarkably low system power penalty at 10 -9 of < 0.3dB. 
Conclusions
We present the first system penalty measurements of all-optical wavelength conversion in a ring resonator. We achieve wavelength conversion at 2.5Gb/s via FWM in a CMOS compatible high index silica glass ring resonator with a Q factor of 65,000. The resulting system penalty of < 0.3dB paves the way for ring resonators to enable low power, high data rate operation for future network communication.
